In this study, potential benefits of early memory testing were examined in terms of "inoculating" eyewitness memory against forgetting. As predicted by fuzzy trace theory (e.g., Reyna & Titcomb, 1997), a larger testing advantage in the delayed recall of event details was expected after immediate testing than after delayed testing because of the decline in accessibility of verbatim traces over time. However, memory for only the gist of these details was expected to be relatively stable over time, resulting in a smaller (if any) effect of the timing of interpolated testing. After viewing a target event, participants were questioned about event items immediately, after a 24-hr delay, or after a 48-hr delay and were free to respond at either the gist or the verbatim level. Verbatim memory for event details was tested 72 hr after the event. As expected, immediate interpolated testing improved verbatim memory performance on the final test more than delayed testing did, yielding a larger testing effect. Furthermore, the effect of the timing of interpolated testing on the magnitude of the testing effect was mediated by verbatim accessibility at interpolated testing. In contrast, memory for only the gist of event details was unaffected by the timing of interpolated testing, both on the interpolated test and on the final test. The findings highlight the role of declining verbatim memory over time in accounting for the advantage of immediate over delayed interpolated testing in inoculating eyewitness memory against forgetting of detailed information.
Extensive research has documented conditions in which questioning eyewitnesses after exposure to an event can have deleterious effects on subsequent memory performance (see, e.g., Loftus & Palmer, 1974) . However, it has also been suggested that under certain conditions, memory testing soon after an event may have beneficial effects of "inoculating" eyewitness memory against forgetting (e.g., Brainerd & Ornstein, 1991) . This notion is consistent with a remarkable amount of research demonstrating that taking a memory test improves subsequent retrieval of the tested information, in what is known as the testing effect (for a recent review, see Roediger & Butler, 2011) , supporting Bjork's (1975) claim that the act of recollection not only retrieves stored information but also modifies the memory representations of that information. Several studies that have examined the effects of testing in simulated eyewitness situations have confirmed that initial memory testing can inoculate eyewitness memory against forgetting (e.g., Chan & Langley, 2011; Gabbert, Hope, & Fisher, 2009; Poole & White, 1991) .
In the present study, I examine how inoculation against forgetting is affected by the timing of initial memory testing. According to fuzzy trace theory (FTT; e.g., Brainerd & Reyna, 1993) , each event item is encoded in memory at various levels of precision, from verbatim traces representing detailed episodic information to gist traces capturing its meaning. Over time, verbatim traces become inaccessible more rapidly than gist traces (e.g., Brainerd & Reyna, 1998) . Therefore, FTT predicts that, compared with delayed interpolated testing, earlier interpolated testing is more likely to refurbish verbatim traces before they become inaccessible and is more likely to counteract their disintegration over time, yielding stronger inoculation against forgetting of these details (e.g., Reyna & Titcomb, 1997) .
Two previous studies in which memory for prose passages was examined have found this expected trend of a larger benefit of earlier compared with later interpolated testing for correct recall on a delayed final test (Bergman & Roediger, 1999; Spitzer, 1939) . However, these studies used repeated testing, such that earlier interpolated testing incorporated more interpolated tests than later interpolated testing, which may have accounted for at least some of the advantage observed for earlier testing. In the present study, the effect of the timing of a single interpolated test on subsequent memory performance is examined.
In the majority of studies that implemented interpolated testing, the participants were required to report the test items exactly as they were presented at study (i.e., verbatim responding). However, in real-life situations, eyewitnesses usually have control over the level of generality in which they choose to report event information. Several studies have shown that when rememberers are allowed to control the grain size (i.e., precision or coarseness) of their responses, they respond at a level of generality at which they are likely to be correct (e.g., Goldsmith, Koriat, & Pansky, 2005; Goldsmith, Koriat, & Weinberg-Eliezer, 2002; Weber & Brewer, 2008) . Goldsmith et al. (2005) have also demonstrated that, over time, rememberers coarsen the grain size of their answers, resulting in a smaller proportion of fine-grain answers as retention interval increases. The choice of grain size was found to be determined primarily by one's confidence in the fine-grained answer. Previous findings indicate that such confidence is largely based on the amount and quality of the accessible information in memory and the ease with which it comes to mind (see, e.g., Kelley & Lindsay, 1993; Koriat, 1993) . Thus, the answers that one freely chooses to provide at a precise grain size can be seen to reflect fine-grained information that comes to mind and is assumed to be correct.
By the same token, in the present study, interim verbatim accessibility was defined in terms of the ease of access with which the target verbatim information comes to mind at interpolated testing, as reflected in the proportion of accurate verbatim information that is freely provided by the participants (see also Koriat, 1993) . The expected decline in such free-level verbatim accessibility over time was predicted, in turn, to result in decreasing benefits of interpolated testing for subsequent verbatim recall, with increasing delay between the target event and the timing of interpolated testing.
The participants first viewed a slide sequence containing target details and were initially tested either immediately or after a delay of either 24 or 48 hr. The initial test contained questions about half of the target items, with the remaining items serving as control untested items. On this test, the participants were free to respond at either the gist or the verbatim level by recalling each item at either the basic level or the subordinate level, respectively (see, e.g., Brainerd & Reyna, 1998) .
1 Finally, all of the participants were tested 72 hr after exposure to the event for their verbatim memory of the event details. This retention interval was held constant across the three interpolated-testing groups to equate baseline performance in the untested condition of the three groups against which the testing effects could be compared. Given the large variation in the retention intervals used in previous studies with similar eyewitness-type materials (although, typically, in the order of days), the retention intervals of the present study were chosen on the basis of preliminary testing with the specific experimental materials that were used.
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On the basis of the findings of Goldsmith et al. (2005) , both the proportion of responses provided at the verbatim level (regardless of their accuracy) and the proportion of accurate verbatim responses provided at initial testing were expected to be higher the earlier such testing was conducted. Consistent with the findings of Spitzer (1939) and Bergman and Roediger (1999) and as derived from FTT (e.g., Reyna & Titcomb, 1997) , a larger testing effect on verbatim recall was expected the earlier interpolated testing was performed. Furthermore, if the effect of the timing of interpolated testing on the magnitude of the testing advantage is due to the declining accessibility of verbatim traces over time, this effect should be mediated by the proportion of accurate verbatim responses provided on the interpolated test.
In contrast, because of the superior stability of gist over time (e.g., Brainerd & Reyna, 1998) , memory for gist was expected to show a different pattern of results. First, the proportion of accurate responses at the gist (but not verbatim) level on the interpolated test was expected to be less affected (or even unaffected) by the timing of the test. Second, the magnitude of the testing effect in terms of accurate recall at only the gist level (on the final test) was expected to be less affected (or even unaffected) by the timing of interpolated testing.
Method Participants
The participants were 96 Hebrew-speaking undergraduates at the University of Haifa, who took part in the experiment for a payment of 70 NIS (approximately US$18) or course credit.
Materials
The target event was a 6.5-min narrated slide show about a day in a female student's life, containing 33 slides. Sixteen concrete items (e.g., WOODEN CHAIR, POODLE), each presented visually on a separate slide, constituted the target items (see Appendix A, column 2). The interpolated test consisted of cued-recall questions about half of the target items, whereas the final test consisted of cued-recall questions about all of them (see Appendix A, column 3).
Procedure
In the first stage of the experiment, the participants viewed the slide show, which was followed by a 10-min nonverbal filler task. The immediate-testing group then performed the interpolated test, whereas the delayed-testing groups performed this test after a delay of either 24 or 48 hr. The interpolated test contained eight cued-recall questions, each about one of the eight target items assigned to the tested condition. The participants were requested to answer all of the questions, to avoid answers like "don't remember," and to provide the best answer that they could. Note, though, that at this stage they were free to choose the level of detail of their responding. The remaining eight target items constituted the untested items. The assignment of items to experimental condition was counterbalanced across participants. The order of the questions corresponded to the chronological order in which the items had appeared in the slide show.
After a retention interval of 72 hr (since viewing the slide show), all of the participants performed the final cued-recall test on all of the target items. For each item, the same question that was presented on the interpolated test was followed by a second question, designed to solicit a response at a more detailed level. Thus, after 1 Thus, recalling a test item at the basic level (e.g., DOG) would constitute a gist response, whereas recalling it at the subordinate level (e.g., POODLE) would constitute a verbatim response.
2 Preliminary testing using the format of the final test indicated that memory performance (i.e., the proportion of accurate verbatim responses) declined from .57 when tested 10 min after the event, to .49 after 24 hr, to .38 after 48 hr, and to .28 after 72 hr. On the basis of these data, interpolated testing after delays of 10 min, 24 hr, and 48 hr all had the potential of yielding a testing effect on the delayed final test.
answering an initial question about an event item (e.g., "What was in the oven . . . ?"), the participant was asked a second question about that item, with his or her response to the first question (e.g., PIZZA) inserted in the second question (e.g., "What kind of pizza?"). An example was provided in the instructions to give the participants an idea of the level of specificity that was expected in each phase. The questions were presented in chronological order and the participants were required to answer all of them. See Appendix B for the instructions that were presented to the participants at the various stages of the experiment.
Results
For each response that was provided on the interpolated test, two independent judges determined whether it was reported at the verbatim level (e.g., POODLE), reported at the gist level (e.g., DOG), or constituted an invalid response (e.g., "don't remember"), and whether it was accurate (a) at the verbatim level and (b) at the gist level. They also determined for each response provided on the final cued-recall test whether it was accurate (a) at the (requested) verbatim level and (b) at the gist level. The classifications made by these two judges were identical in 99% of the cases. A third judge determined the scoring of the controversial 1% of the responses. Analyses of variance (ANOVAs) and planned comparisons (t tests) were used for statistical testing, except where noted.
Interpolated Responses
The proportion of invalid responses provided on the interpolated test at neither the verbatim nor the gist level did not vary with the timing of interpolated testing (.02 for all three groups), F(2, 93) ϭ 0.17, p ϭ .84, p 2 ϭ .004. However, the timing of interpolated testing had the predicted effect on the proportion of responses provided at the verbatim level, F(2, 93) ϭ 6.24, p ϭ .003, p 2 ϭ .12. As shown in Figure 1A , the proportion of verbatim-level responses declined from .43 when interpolated testing was conducted immediately to .28 when it was delayed by 24 hr, t(62) ϭ 2.58, p ϭ .01, d ϭ 0.64, with an additional nonsignificant decline to .25 when interpolated testing was delayed by 48 hr, t(62) ϭ 0.62, p ϭ .54, d ϭ 0.15.
Not surprisingly, as shown in Figure 1B , the same pattern emerged for the proportion of responses that were accurate at the verbatim level, F(2, 93) ϭ 11.19, p Ͻ .001, p 2 ϭ .19, dropping from .37 when interpolated testing was conducted immediately to .20 when it was delayed by 24 hr, t(62) ϭ 3.27, p ϭ .002, d ϭ 0.83, with an additional nonsignificant reduction (to .16) when interpolated testing was delayed by 48 hr, t(62) ϭ 1.05, p ϭ .297, d ϭ 0.27. In contrast, the proportion of responses that were accurate only at the gist level (.48) was not affected by the timing of the test, F(2, 93) ϭ 0.03, p ϭ .973, p 2 ϭ .001.
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To summarize the findings obtained for the interpolated test, both the total proportion of responses provided at the verbatim level (regardless of their accuracy) and the proportion of accurate verbatim responses decreased when the test was delayed by 24 hr and then asymptoted between a delay of 24 and 48 hr. In contrast, the proportion of responses that were accurate only at the gist level remained stable over time.
Testing Effect
A mixed-model ANOVA was conducted on the proportion of accurate responses on the final test, with interpolated testing condition (tested, untested) and level of assessment (verbatim, gist) as within-subject factors and timing of interpolated testing (immediate, delayed 24 hr, delayed 48 hr) as a between-subjects factor. A significant testing effect, F(1, 93) However, when accuracy was assessed at the gist level, a negative testing effect was found, with a lower proportion of accurate gist (only) recall for previously tested items (.30) than for previously untested items (.36), F(1, 93) ϭ 4.50, p ϭ .037, p 2 ϭ .05, which seems to derive from cases in which only gist information was recalled accurately in the untested condition yet both verbatim and gist information were recalled in the tested condition. In such cases, interpolated testing yielded an increase in accurate verbatim recall in tandem with a reduction in the absolute proportion of items recalled accurately only at the gist level. More important, the interaction between interpolated testing condition and timing of interpolated testing was not significant, F(2, 93) ϭ 3 The proportion of responses that were inaccurate at both levels increased with time, F(2, 93) ϭ 12.97, p Ͻ .001, p 2 ϭ .22, from .15 when interpolated testing was conducted immediately to .32 when it was delayed by 24 hr, t(62) ϭ 4.27, p Ͻ .001, d ϭ 1.08, with an additional nonsignificant increase (to .35) when interpolated testing was delayed by 48 hr, t(62) ϭ 0.664, p ϭ .509, d ϭ 0.17. When these entirely inaccurate responses were removed from the analysis, to examine the relative proportion of responses that were accurate at the verbatim level as opposed to those that were accurate only at the gist level, a significant effect of the timing of the test was found, F(2, 93) ϭ 3.83, p ϭ .025, p 2 ϭ .08. The relative proportion of responses that were accurate at the verbatim level declined from .43 to .25 with increasing delay (from 10 min to 48 hr), confirming that verbatim memory was more affected than gist memory by the passage of time. 4 Performance on the tested and untested items was also compared separately for each group, to examine whether a significant testing effect was obtained. Whereas immediate interpolated testing and interpolated testing conducted 24 hr after the event yielded significant testing effects, t(31) ϭ 7.75, p Ͻ .001, d ϭ 1.37, and t(31) ϭ 2.50, p ϭ .018, d ϭ 0.44, respectively, interpolated testing conducted 48 hr after the event did not, t(31) ϭ 0.94, p ϭ .357, d ϭ 0.17. 0.42, p ϭ .661, p 2 ϭ .01, suggesting that the timing of interpolated testing did not influence the magnitude of the testing effect for gist (only) memory (see Figure 2B ). This conclusion is also supported by the findings that 93% of items that were recalled accurately only at the gist level on the final test were also recalled accurately only at the gist level on the interpolated test and that neither this percentage nor the absolute proportion of interpolated responses that were accurate at the gist level were affected by the timing of interpolated testing, F(2, 86) ϭ 0.30, p ϭ .739, p 2 ϭ .007, and F(2, 93) ϭ 0.03, p ϭ .973, p 2 ϭ .001, respectively. Given the trade-off between verbatim memory and gist memory as a result of interpolated testing, an additional analysis was conducted to test whether the timing of interpolated testing had a differential effect on verbatim memory than on gist memory. The effects of interpolated testing and its timing were examined on the relative proportion of accurate verbatim responses from the subset of responses that were accurate at either (gist only or verbatim) level. Interpolated testing was found to increase the relative proportion of accurate verbatim responses (by .15), F(1, 93) ϭ 21.02, p Ͻ .001, p 2 ϭ .18, suggesting that interpolated testing had a stronger effect on verbatim memory than on gist memory. Furthermore, a significant interaction was found between interpolated testing condition and timing of interpolated testing, F(2, 93) ϭ 3.30, p ϭ .041, p 2 ϭ .07, confirming that the timing of interpolated testing had a more pronounced effect on verbatim than on gist memory. As shown in Figure 3 , the benefit of testing in terms of the relative proportion of accurate verbatim responses was substantially larger when interpolated testing was immediate (.26) than when it was delayed by 24 hr (.12), F(1, 62) ϭ 3.68, p Ͻ .001, p 2 ϭ .30, which was not significantly larger than when interpolated testing was delayed by 48 hr (.06), F(1, 62) ϭ 0.45, p ϭ .503, p 2 ϭ .01. Obviously, information recalled accurately at the verbatim level is also accurate at the gist level, so overall gist memory (i.e., accurate recall of gist regardless of whether verbatim information was also recalled accurately) was expected to benefit from interpolated testing, particularly when conducted immediately, because of the enhancement of verbatim memory. Indeed, overall gist memory was superior after interpolated testing (.73) versus after no interpolated testing (.63), demonstrating a significant testing effect, F(1, 93) ϭ 18.57, p Ͻ .001, p 2 ϭ .17. The interaction between interpolated testing condition and timing of interpolated testing was significant, F(2, 93) ϭ 7.81, p ϭ .001, p 2 ϭ .14, with a larger testing effect when interpolated testing was immediate (.23) than when it was conducted after 24 hr (.05), F(1, 62) ϭ 11.62, p ϭ .001, p 2 ϭ .16, which was not significantly larger than when interpolated testing was conducted after 48 hr (.02), F(1, 93) ϭ 0.16, p ϭ .693, p 2 ϭ .003.
Mediation Analyses
The final set of analyses was designed to test the hypothesis that the effect of the timing of interpolated testing on the magnitude of the testing effect (in terms of verbatim recall) was mediated by the proportion of interpolated responses that were accurate at the verbatim level, as a measure of verbatim accessibility. Given that the timing of interpolated testing is a discrete independent variable, Baron and Kenney's (1986) traditional approach for establishing mediation was not applicable, so two alternative approaches were adopted to examine the mediating role of verbatim accessibility at interpolated testing. The first approach is conducting an analysis of covariance (ANCOVA), in which the potential mediator is treated as a covariate and the effect of the experimental manipulation is retested while controlling for the mediator. Reduction of this effect once the covariate is controlled can be taken as support for the mediating role of the covariate. Indeed, when verbatim accessibility at interpolated testing was added as a covariate, the effect of the timing of interpolated testing on the magnitude of the testing effect was reduced and rendered nonsignificant, F(2, 92) ϭ 2.84, p ϭ .06, p 2 ϭ .06, whereas verbatim accessibility at interpolated testing significantly covaried with the magnitude of the testing effect, F(1, 92) ϭ 17.82, p Ͻ .001, p 2 ϭ .16.
As an additional test of the mediating role of verbatim accessibility at interpolated testing, a bootstrapping analysis was conducted, as recommended by Preacher and Hayes (2004) . Bootstrapping involves the repeated extraction of samples from the data set and the estimation of the indirect effect of the independent variable on the dependent variable (via the mediator) in each resampled data set, allowing the construction of a 95% confidence interval for the effect size of the indirect effect. If the confidence interval for the indirect effect does not include zero, this indicates a significant indirect effect, supporting a mediation hypothesis. Because it is a discrete variable, the timing of interpolated testing was coded using two dummy variables, with the first indicating whether interpolated testing was delayed by 24 hr and the second indicating whether it was delayed by 48 hr. Two bootstrapping analyses (each involving the extraction of 5,000 samples) were conducted with the magnitude of the testing effect as the dependent variable; verbatim accessibility as the mediator; and each dummy variable serving once as the independent variable and once as a covariate, with the other dummy variable playing the opposite role. In both analyses, the 95% confidence interval (Ϫ.18 to Ϫ.03 and Ϫ.19 to Ϫ.05, respectively) did not include zero, indicating statistically significant indirect effects.
To summarize, the ANCOVA and bootstrapping procedures provide converging evidence that the effect of the timing of interpolated testing on the magnitude of the testing effect was mediated by verbatim accessibility at interpolated testing, as in- dexed by the proportion of interpolated responses that were accurate at the verbatim level.
5

Discussion
My main goals in the present study were (a) to test the hypothesis that immediate interpolated testing is more beneficial than delayed interpolated testing for the subsequent recall of verbatim information and (b) to examine whether this effect is mediated by the accessibility of verbatim information at the time of interpolated testing.
Consistent with previous studies (e.g., Chan & Langley, 2011; Gabbert et al., 2009) , interpolated testing was found to inoculate eyewitness memory against forgetting, as is evident in a higher proportion of accurate verbatim responses for tested than for untested items on the final memory test. The magnitude of the testing effect was affected by the timing of interpolated testing, such that interpolated testing was more effective when it was immediate than when it was delayed (see also Bergman & Roediger, 1999; Spitzer, 1939) .
Several additional findings obtained in the present study suggest that this disadvantage of delayed testing is due to the decline in verbatim memory over time. First, consistent with previous studies (e.g., Goldsmith et al., 2005) , fewer verbatim responses were freely reported at delayed than at immediate interpolated testing. Second, the proportion of accurate (freely reported) verbatim responses was also smaller at delayed interpolated testing. Finally, and perhaps most conclusively, the effect of the timing of interpolated testing on the magnitude of the testing effect was mediated by the verbatim accessibility of event details at the time of interpolated testing.
These results support the hypothesis derived from FTT: that weaker inoculation against forgetting of detailed information is achieved when initial testing is delayed rather than immediate, due to the decline in accessibility of verbatim traces over time (e.g., Reyna & Titcomb, 1997) . The differential pattern of results obtained for gist memory supports the FTT distinction between verbatim and gist memory: In contrast to verbatim memory, memory for gist (only) was stable over time and was less influenced by interpolated testing and by its timing.
The present findings are also consistent with Glover's (1989) hypothesis that more complete retrieval on intervening tests yields larger benefits for later retrieval. The larger testing effect that was obtained after immediate testing than after delayed testing (both in terms of verbatim memory and in terms of either verbatim or gist memory) can be attributed to more complete retrieval (i.e., more verbatim responses) at immediate interpolated testing.
The findings can also be discussed in terms of the trade-off between retrieval difficulty and retrieval success (see also Finley, Benjamin, Hays, Bjork, & Kornell, 2011; Pyc & Rawson, 2009; Storm, Bjork, & Storm, 2010) . On the one hand, it has been suggested that interpolated retrieval is more likely to enhance subsequent retrieval the more difficult or cognitively effortful it is (e.g., Bjork, 1975; Gardiner, Craik, & Bleasdale, 1973) . On the other hand, unless one is provided with subsequent study opportunities or corrective feedback (e.g., Kornell, Hays, & Bjork, 2009) , interpolated retrieval that is too difficult and hence unsuccessful might be of limited advantage, and the likelihood of successful retrieval is likely to decrease if the delay between encoding and testing is too long. In the present study, the success of interpolated verbatim retrieval was found to decline substantially between immediate and delayed testing conducted after 24 hr. Therefore, it was not surprising that the detrimental effect of declining retrieval success after a delay overshadowed any potential benefit of increased retrieval difficulty in this condition, resulting in a smaller testing effect after delayed interpolated testing. 6 One final issue warrants a discussion. In the present study, the retention interval between the event and final testing was held constant to equate the baseline untested condition in the three experimental groups against which the effect of the timing of initial testing could be examined. Therefore, delaying the initial test simultaneously shortened the interval between the two tests, introducing a potential alternative interpretation of the present findings in terms of the intertest interval. However, previous findings render such an interpretation unlikely to account for the present results. Using a variety of materials and procedures, several studies have found that extending the retention interval between initial and final testing beyond 24 hr (e.g., Carpenter, Pashler, Wixted, & Vul, 2008; Chan, 2010; Slamecka & Katsaiti, 1988) or beyond 48 hr (e.g., Roediger & Karpicke, 2006) did not affect the magnitude of the testing effect, with the tested items exhibiting comparable forgetting rates over time as the control (untested or restudied) items. Therefore, the larger testing effect obtained after immediate than after delayed testing was not likely to be due to the longer interval between the interpolated test and the final test in the former condition (72 hr) than in the latter condition (48 and 24 hr, respectively, in the delayed-24-hr and delayed-48-hr conditions).
Implications and Conclusions
At the theoretical level, the present findings bring to the fore the need to examine the testing effect in the context of the changes that take place in memory over time. Such examination is important not only for explaining the effects of the timing of interpolated testing but also for the understanding the mechanisms underlying the effects of other events that may take place after initial encoding, such as exposure to misleading postevent information (e.g., Pansky, Tenenboim, & Bar, 2011) . At the practical level, the implication of the present study is that the timing of initial eyewitness questioning should be considered seriously. The findings demonstrate that delaying such questioning can substantially reduce its advantage for subsequent retrieval, indicating that time is of the essence with regard to the scheduling of initial questioning of eyewitnesses. On the positive side, when such questioning takes place almost immediately after the event, the findings confirm that it can serve as an effective technique by which to inoculate eyewitnesses against forgetting event details over time.
